SYNOPSIS This study describes a simple whole cell agglutination test for tuberculosis in which phenol-killed Mycobacterium tuberculosis H37Ra is used as the antigen. The test gave positive results in 59 of 63 culture-positive cases of tuberculosis due to M. tuberculosis, and in 4 of 11 culturepositive cases due to other mycobacteria. Negative results were recorded in 168 of 171 control subjects. A positive result was one in which a titre of 1/125 or more was recorded.
There have been many tests devised for the serodiagnosis of tuberculosis and although the doublediffusion test of Parlett and Youmans (1959) and the latex agglutination test of Duboczy and White (1969) have met with some success, there is still no satisfactory routine test available. The need is for an inexpensive and rapid test requiring the minimum of operator skill; the agglutination test is such a test, but while it has been successfully employed in the laboratory diagnosis of many diseases attempts to use the technique, dating back to Arloing and Courmont (1898) , for the diagnosis of tuberculosis have proved unreliable. Historically the difficulties, summarized by Topley and Wilson (1936) , were that both false positive and false negative results were common. The tendency since the haemagglutination method of Middlebrook and Dubos (1948) has been to employ sensitized-carrier techniques and precipitin tests; these, however, are also subject to difficulties in translation of results (see Parlett (1964) and Lind (1964) for full discussion of the problem). Preliminary investigations have indicated that a fluorescent antibody technique may be of use in the diagnosis of tuberculosis (Nassau and Merrick, 1970; Affronti et al, 1973) , but the need for expensive equipment to obtain objective measurement will limit the use of such tests. The need for expensive equipment and reagents will probably also limit the use of the solid-phase radioimmunoassay technique of Nassau et al (1975) for the serodiagnosis of tuberculosis.
This study reports the use of a simple agglutination test, employing whole cell antigens, as a diagnostic test for tuberculosis.
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Materials and Methods
In this study paired serum samples were taken from each of 74 patients with mycobacterial disease, 63 of whom were infected with M. tuberculosis, and 171 control subjects. Sera were taken by venepuncture, the second sample being taken one week after the first. Sera were stored at -20°C with no preservative added.
PREPARATION OF ANTIGEN
M. tuberculosis H37 Ra (NCTC 7417) was used as the antigen and was cultured on Lowenstein-Jensen slopes prepared in this laboratory according to the recommendations of the International Union against Tuberculosis (Jensen, 1955) . Cultures were grown for six weeks at 37°C and the test antigen was prepared as follows:
1. The growth was emulsified from the agar slopes in sterile 0-85 % saline and the washings were pooled. Subcultures were made at this stage to check the purity of the washings. 2. The pooled washing was phenolized to a final concentration of 2% phenol and incubated for three days at 37°C when subcultures were taken to ensure that the mycobacteria were no longer viable.
3. The phenolized bacteria were washed six times in 0 5 % phenol saline and the deposit from the final centrifugation was resuspended in 0 5% phenol saline such that there were 500 mg (wet weight) of cells per millilitre of suspension. 4. The cell suspension was heated to 80°C for 30 minutes with 19 times its own volume of normal sodium hydroxide, and then divided into 100 ml aliquots. Each aliquot was washed three times in sterile 0 3 % sodium chloride solution.
The final test suspension was prepared by suspending the final washing deposit in 300 ml of 0 3 % sterile saline, giving a concentration of 8 mg (wet weight) of cells per millilitre.
THE AGGLUTINATION TEST
Agglutinin levels were assessed using the modified Widal test previously described (Nicholls et al, 1975) , using 0 3 % saline as the diluent in order to prevent autoagglutination. A positive result was recorded when the agglutinin titre was 1/125 or more.
Results
The results of agglutination tests on 64 pairs of sera taken from patients with culture-positive diagnoses of tuberculosis are given in pneumoniae.
Discussion
One of the major problems associated with any serodiagnostic test is the number of persons who have circulating specific antibody without further evidence of disease. It is always difficult to judge the significance of such results since they may reflect previous infection, or may be the product of cross-reaction or non-specific reaction. This problem led to simple agglutination tests for tuberculosis being largely abandoned in favour of precipitin tests and agglutination tests employing carrier particles sensitized with soluble antigen (Topley and Wilson, 1936; Parlett, 1964) .
In this study many of the 'control' group patients did have detectable levels of antimycobacterial antibody but these were generally much lower than the levels recorded in the tuberculosis patients; 67 of 342 serum samples had titres of 1/50, 106 had titres of 1/25, and 163 samples had titres of less than 1/25 (recorded as 0 in this test). However, of the six remaining serum samples, two had titres of 1/250 and four had titres of 1/125. Since the vast majority of serum samples taken from tuberculosis patients had titres of 1/125, it was decided that 1/125 should be adopted as the significant level in differentiating positive and negative tests. The percentage of positive tests obtained.-rom the sera of patients with pulmonary tuberculosis is high (100 %) and may give a false indication of the reliability of the test, since previous workers have shown that the percentage of positive tests is higher in groups of culture-positive patients than in groups of suspected tuberculosis patients on whom sputum culture results are awaited (Parlett, 1964) . However, the percentage of extrapulmonary tuberculosis patients giving positive results is roughly equal to figures obtained by other methods (Parlett and Youmans, 1959; Duboczy and White, 1969) . The reliability of the method is increased by examining serial samples; five cases of pulmonary tuberculosis together with one case of tuberculous meningitis were serologically negative in the initial sample. The fact that the initial titres rose to higher levels after one week provided additional evidence of active infection. Demonstrable rising titres were not commonly found; apart from these six, only nine other cases showed a difference in the agglutinin titres of serial samples.
The results obtained in patients with disease due to non-mammalian mycobacteria are interesting in that only one of the 10 patients had a positive result in the first serum sample. The lower titres generally found in this group undoubtedly reflect the antigenic differences between these organisms and the test antigen. Titration of these patients' sera against the organisms isolated from this sputum revealed far higher titres. The percentage of positive tests obtained in this group is somewhat lower than that obtained by investigators using other serological tests (Parlett and Youmans, 1959; Cole et al, 1972) , and it would seem that additional antigens would be required to detect these diseases. The results of the control group titrations show that approximately half (179 of 342) of the serum samples had detectable levels of antimycobacterial antibody, although only six had titres of 1/125 or higher. Previous workers have found detectable levels of antibody in persons without apparent disease and have recorded similar numbers of weak positive reactions (Cole et al, 1972) although the levels in this study may be abnormally high due to the inclusion of a control group of hospital workers who tend to have higher antibody levels against M. tuberculosis than other community groups (Alshabkhoun et al, 1960; Lester and Colton, 1959) . One control group patient had an agglutinin level of 1/250 against M. tuberculosis although no additional evidence of tuberculosis has been discovered. The patient, a 63-year-old man, suffered an acute Klebsiella pneumonia which produced a level of 1/2500 K. pneumoniae agglutinin antibody. This titre was not diminished by adsorption with M. tuberculosis nor was the M. tuberculosis titre reduced by adsorption with K. pneumoniae. The K. pneumoniae was not agglutinated by rabbit antisera raised against M. tuberculosis. The patient was followed in outpatient clinics for six months after which time his agglutinin titre to M. tuberculosis had fallen to 1/50. A comparison of this agglutination method with other techniques available for the serodiagnosis of tuberculosis indicates that the degree of reliability is similar. The advantage of this simple agglutination test is that it involves no special apparatus, little operator skill, and very little cost. Further studies are now in progress to test the reliability of the test in screening procedures. I should like to thank the patients and colleagues who volunteered to participate in this study. In addition I am grateful to Mr F. C. Belton and his staff of the Microbiological Research Establishment for growing initial batches of M. tuberculosis, and to clinical colleagues in Midhurst, Birmingham, Oxford, Chichester, and Carmarthen for referring and following cases.
